Abstract-The applications of Self-Mixing Interferometry (SMI) have been popular in many fields, including biomedical signals. The self-mixing effect occurs from the coherent backcoupling of the reflected or scattered lights from a target surface. The reflected lights will be detected by a photodiode which has been integrated in one device with the laser. That's why the SMI sensor is quite practical, affordable and simple. However, SMI has the serious problem with the presence of speckle effect in measured signal. The speckle effect produced by the human tissue is called "biospeckles." The biospeckles observed from the skin tissues contain information about the blood flow in dermal capillarities, heartbeat, and others. These biospeckle patterns cause random modulations that will be detected as random amplitude and spectrum by photodiode. In this paper we present a technique to characterize speckle effect on measurement of blood flow in fingertip using sensor based on Self-Mixing Interferometry (SMI). We used a laser diode 785 nm as a light source and a constant current of 70 mA as a current source which is irradiated on the skin tissue in the fingertip. Then, the backscattered light reenters the laser cavity and it will be detected by photodiode. The SMI signal with speckle effect will be processed by Continuous Wavelet Transform for reconstruction and detection fringe. Signal processing results show that the number of detected speckle fringes depends largely on determining the number of wavelet waves and the scale used. The fringe pattern resulting from the reconstruction of the signal can be used to determine the frequency of speckles due to object movement. The average speckle frequency of fingertip is 0,5-0,7 Hz.
Over the past several decades, different non-invasive methods for the acquisition of biomedical signals have been developed. The development of non-invasive methods for the acquisition and interpretation of cardiovascular signals, blood flow velocity have gained importance in the last years because of the increase in cardiovascular diseases around the world [1] . A sophisticated method for blood flow velocity measurements is the use of the self-mixing effect in a semiconductor laser diode [2] .
Self-mixing interferometry (SMI) method is based on the interaction of a cavity field with the field backscattered Indonesia. E-mail: zaki.dzulfikar@gmail.com; bagus.rubi65@gmail.com; cendarko@physics.its.ac.id. from a target. The self-mixing effect occurs from the coherent back-coupling of the reflected or scattered lights from a target surface into the laser cavity where it mixes with the original light of the laser [2] . The main advantage of SMI method is high resolution, low cost, the simple construction [3] .
However, SMI method has a s specially relevant issue when it works focused on to diffusive targets [4] . This issue is the presence of speckle effect that caused amplitude modulation of a SMI signal is influenced by the target surface roughness [5] .
The speckle effect produced by the human tissue is called "biospeckles." The biospeckles observed from the human skin contain information about the blood flow in dermal capillarities, heartbeat, and other physiological activity [6] .
When the laser diode illuminates the skin, the first scattering occur in the skin surface. The multiple absorption and scattering events are caused by the surrounding moving and stationary tissues. Only a small portion of the initial incident light reaches the moving particles, which are mostly the red blood cells, in these capillaries. These particles have irregular shapes and sizes; moreover, they move in random directions and speeds in the capillaries. Therefore, light will be scattered in varying amplitudes in different directions. When the total scattered light is measured at a photodiode, a complex random intensity variation is observed. Summing up the effects of these random multiple scattering events and the roughness of the skin surface, the detected random intensity variations are regarded as biospeckles. These biospeckle patterns cause random modulations occur in the amplitude and spectrum of the laser field. These random modulations show themselves as random intensity variations when detected by the monitor PD inside the laser package behind the rear facet of the LD [2] .
In this thesis focuses on how to characterization speckle effect in the wrist and finger tip. Jukka [7] said that the wrist in the human hand offers a fascinating location for a noninvasive measurement device. The main arteries in the wrist, especially the radial artery, are close to the skin surface and consequently pulsation can be easily detected. In addition, the measurement location is very handy, since the pulsation is easily detected and the measurement device is easy to put on [7] . We will compare the result speckle measurement in fingertip that is commonly used for measuring heart beat, concentration of SPO2 and other activity.
II. METHOD
The experimental setup is shown in Figure 1 A laser diode Thorlab L785P090 with nominal wavelength of 785 nm were used as the light source. The LD is placed on a laser tube that contains a thorlabs LT110P collimator lens and it is connected to a constant current driver LDC202C with 70mA. The SMI signal is recovered using the laser internal PD which is connected to photodiode driver. The finger and wrist in sequence are fixed on a mechanical fixation which is locked on optical bench so that it can avoid automatic tremble. After preconditioning and filtering, the signal was acquired by a computer via a data acquisition card (arduino uno). Finally, a series of signals processing would be taken using mathematical transform and digital filtering by computer software Origin.
In this research, we demonstrate the use of the Continuous Wavelet Transform (CWT) to process SMI signals in time and frequency domains simultaneously for extracting speckle effect. The accuracy of the method depends upon the precise determination of the position and number of fringes, which are often corrupted by external factors such us white noise, impulsive noise, or speckle. These terms complicate the fringe detection algorithms and may result in measurement errors due to missing fringes.
The use of sliding window to determine the envelope of the SMI signal and locate the correct fringes for target reconstruction [5] .
The use of the Morlet CWT enabled to remove white and impulsive noise present in the SMI signal, and to extract target vibration parameters (e.g. amplitude, frequency, velocity). Furthermore, the use of Morlet CWT to recover the envelope of SMI signals proved to be an advantage in those cases where speckle induced signal fading. The method is computationally very eficient as compared to envelope detection to track speckle [4] . After reconstructing signal, we can count the fringe speckle for the determination of the target displacement, although it is not always reliable enough because of different types of noise present in the signal, such as non-linearities at the photo detector, the modulating intensity or the amplification electronics, among other possible causes [8] .
III. RESULT
After measurement process, the speckle effect affects the detected SMI signal in this experiment. The typical speckle SMI signal is shown in Figure 3 . The surface of the fingertip destroy the spatial coherence of the laser beam, the operation of the LD is affected by the speckle effect [3] The serious speckle effect gives rise to interferometric fringe missing or changing in the SMI interferometer [9] . The power spectrum of the SMI signal in Figure 4 . was also calculated to have information on the frequency components of the signal. A signal dominated by the detection of the Doppler-shifted light field will have a peak value at a certain frequency corresponding to the target surface velocity. In the case of the blood or dye solutions, the Doppler peak will still be present; however, it will be broadened. On the other hand, if the detected signal is dominated by the speckle field, then no such distinct peaks will appear; instead, we will have a broad range of frequencies with no dominant peak However, the power spectrum of the SMI signal obtained has a broad range of frequencies but does not show a dominant peak. Instead, we see that the amplitude is almost constant (non decaying) value at a specific frequency..
After the SMI signal is processed by CWT, we get the signal reconstruction in Figure 5 . This signal not only helps to detection fringes due to speckle, but also enables to determine the time instance when the target motion changes its direction. In below, the 
IV. CONCLUSION
The characterization of SMI speckle with Morlet CWT is very efficient. We can calculate the fringe speckle easily from the reconstructed signal. The number of detected speckle fringes depends largely on determining the number of wavelet waves and the scale used. The fringe pattern resulting from the reconstruction of the signal can be used to determine the frequency of speckles due to object movement. The average speckle frequency of fingertip is 0,5-0,7 Hz.
